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1. INTRODUCTION

A continuing investigation of the environmental eonditions existing in the North Pacific
Oeean, and their effeets on NORPAX buoys that may be deployed in northern iatitudes,
is being eondueted. As part of this investigation, observational data eolieeted from
ships oeecupying Oeean Weather Station PAPA were obtained from the Canacdian Atmos-
pherie Environment Serviec,

The data, extending over a 21 year period, provides a nearly eontinuous reeord of
eonditions at a specific location in the North Paeifie, 50° N latitude and 145° W longi-
tude. The data are the only known extensive set of consistent measurements whieh
might be eonsidered representative of environmental conditions in the northeastern
Paeifie area, Beeause the extremes of wind and wave conditions were of primary
interest for this investigation, data from only the fall and winter months were proe-
essed to gain a better understanding of the severity of eonditions whieh had existed,
and their frequeney of oceurrence.

The results of this examination are eonsidered to be of general interest to the oeeano-

graphie community, Therefore, 24 histograms of wind and wave conditions are
presented in this report for general distrioution.
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2. OBSERVATION DATA FROM STATION PAPA

The entire set of oceanographie and meteorologieal data reeords for the period 1951
through 1971 was obtained from the archives of the Canadian Atmospherie Environment
Serviee in Downsview, Ontario. The reeords inelude over 60,000 setz of ohservations,
and are in the form of a magnetic tape record equivalent to 80-eolumn puneched cards.
The tape eontains time-ordered observations from Oeean Weather Station PAPA in the
World Meteorological Organization eodes for the 1951 through 1971 period.

In general, the data are based on observations that were taken onee every three hours,
beginning at 0000 GMT. Wave data were often omitted during the hours from 0300
GMT to 1600 GMT (night time observations). Typically, over the period of interest,
there were only half as many wave observations as there were wind observations; and
wave observations during the early years were not made as regularly as they were
later.



3. WIND SPEED AND WAVE HEIGHT DATA PROCESSING

The parameters of wind speed and wave height were examined using a eomputer pro-
gram to eonstruct histograms displaying the data distribution on a monthiy basis.,
Beeause the primary interest was with environmental severity, attention was direeted
to the six fall /winter months (October through Mareh). Further, the data were
divided into two intervals for examination (1951 through 1961, and 1962 through 1971)
in order to eompare the two periods sinee there is a general beiief that the wind/wave
severity has diminished during the past 20 years.

Some specifie eharacteristies of the data records affeeted eonstruetion of histograms
for the wave data. During the period 1951 through 1967, wave height data had been
eneoded in half-meter inerements by the integers 0 through 19. The maximum value
was 9.5m, and there was no provision for waves of greater height., For the period
1968 and on, the eode was extended to integers 0 through 99, permitting a maximum
vaiue of 49.5m. As a eonsequenee of the earlier eode limitations, it appears that
values of 10m and greater were eoded as if they were 9.5m. In forming histograms
of the data, nine intervals l1-meter wide, and a tenth intervai for all data vaiues of
9.5m and greater, were used. For example, the first interval ineludes the data
values of 0.0 and 0.5m, the seeond interval ineludes values of 1.0m and 1.5m, and
so forth.

Coding of the wind speed data used integer values in knots, with an allowable range of
0 to 99. For these data, eight processing intervals were used, each of whieh spanned
a 10-knot range. The first interval ineluded all data values of 0 through 9 knots, the

seeond ineluded 10 knots through 19 knots, and so forth.



4. HISTOGRAMS AND DATA COMPARISONS

4.1 DATA RECORDS

The histograms are shown at the end of this report. The wind and wave pairs are
ordered by month for the period 1951 to 1961, and similarly by month for the period
1962 to 1971. For each plot, the length of the "'star' line represents the approximate
number of observations in the interval. For example, the first interval for Oetober
1951-1961 wind speed has a line length of 37. This number, multiplied by the sealing
factor of 9, yicids 333. The exaet number of observations (339) is iisted in the eorre-
sponding interval position in the frequcney (FREQ) coiumn. To the left of this eolumn
are iisted thc interval percentage (PCT) and the cumuiative pereentage (CUM) of the
total population. Aeross the top of the histogram are listed, in order, the mean value
of the data, SIGMA, the minimum and maximum data values, and the number of
observations ineluded in the histogram.

4.2 DATA COMPARISONS

The data permit some interesting eomparisons regarding the ehange in eonditions
during the past 20 ycars. These are presented in Table 1. The maximum wind speed
data and the mean wave height data show a definite lessening in severity. The mean
wind speed data aiso show a similar trend, but to a much smaller extent. Tc faeilitate
the eomparison, the mean wind speed and wave height data are plotted in Figures 1

and 2. Seasonal trends are immediately evident in these plots. The mean wr.ve height
figure aiso reveals a surprisingly large dip for the months of January in the perind
1962 to 1971. Some of this apparent moderation is undoubtedly due to the enlarged
vertieal scale. However, cxamination of a listing of the January data tends to confirm
the cffect. Speeifieally, four extended duration intervals of data were found in the
years 1968, 1969, and 1970 for whieh the reported wave height was 1.5m or less.

Just under 200 observations are involved with over 90% having the value 1.0m or less.
The intervals are of 4 to 8 day duration, with wind generally in the 10 to 20 knot range.
Similar intervais are not present in the January data for the remaining years. The
dip in mean value is also present in the 1951 to 1961 data, but to a mueh lesser degree.

Another way of examining the question of long term lessening in environmental severity
is to eomparc the two periods on the basis of the extent of high wind conditions (i.e.,
the percent of observations whieh equai or exeeed a seleeted value). Figure 3 presents
the pereent of wind speed values equailing or exceeding 40 knots and 50 knots for eaeh
of the six months. The 40-knot curve for 1962 to 1971 has a January dip in wind levei
whieh further eonfirms the dip in wave height. Both sets of eurves indieate that high
wind eonditions occurred approximately twiee as often in thc 1951 to 1961 period than
in the 1962 to 1971 perind.

4-1 : 3
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Table 1. Comparative Wind and Wave Data

MAX. WIND SPEED

MEAN WIND SPEED

MEAN WAVE HEIGHT

(KNOTS) (KNOTS) (METERS)
1951-1961 1962-1971 1951-1961 1962-1971 1951-1961 1962-1971
October 71 69 22,78 23.04 3.17 2.34
November 78 64 25.03 24.59 3.60 2.57
December 75 66 25.55 24,13 3.52 2.42
January 75 61 23.66 22.56 3.31 1.95
February 62 62 23.59 21. 67 3.38 2,27
March 70 60 21.20 20.73 3.22 2.08
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HISTOGRAMS

The data obtained from the computer processing of wind/
wave observations from Ocean Weather Station PAPA,
as described in the body of this report, are presented on
the following pages.
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WAVE HEIGHT HISTOGRAM FOR THE MONTH OF DECEMBER
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wu= 26,589 SIGHA= 9.8€3 YHIN= J4000 vmAx= 64,000 Nv= 2375

ssluvsesl5eee2Tnenl50neI00en35enct0soeb5e0050000550006000e6500e7000e75400800080850009000495,,100
Agarn 5.8 5.8 138 vsesssesssssvse

10-10 28,9 31,7 61C P000r000ssssssssrsisecesesssstsssssoussssssssscsssssssssssssssssssss

2n=pG  3b.6 bHB.I BTC PIIILIIIIIIIINISIIIISSILIIIIISS
30-39 24,5 92.8 5281
40-45 Bel 98.3 145
sSe-us 1.8 99,3 24
SC=F9 o1 1GJed 2
TC=79 0.0 1€0,0 0

[ B N RV I R NN

SCALING FACTOR = ¢



3

WAVE HAEIGHT HISTOGRAM FOR THE MONTH OF NOVEMBER

PERIOD 1962 THRU 1971

= 2,566 SIGHMA= 2.057 YHIN= 34000 VMAX= 12.008 Nv= L8877

PCT CuM FREQ.L
Ta"=Ca® 1746 17.6 331 °*
Ie"=1e% 2048 38.4+ 390 vevsssses
Pei=Za% 23,8 6H242 bbb sFevEEs
Tl =F97 1840 T8.2 20[ *vevee
~heS Q42 87,3 172 o0
£, =542 3.6 53.9 67 ®seess sees
Se.=5e" Lol 9545 89 SessEEIIISIIISESS
Tei=Te? 1% 976t 28 SSesm
Eo-—Ba® 12 9843 23 =8
10 O,7-1% 1«7 100,80 3L ‘sesene

0 o B B e o 0 B B B = D D e D D R D = R P T T T e D P D D T P .

SCALING FACTOR = S

s45BPEBEES LRI RS R R R A R R RS S R R I SR R 2 Y]

(22 el i e R el s s AR R R R Y R R R R R R R R R RS R PR Y

Al R e R R R s I R R R R R R I s R R P R P Y R R P RSP R S Y
sEBEBRNY L RIS RS RIS R RS R R RS R RS R R 2 2 )

BSFSFIIIIIIIIDIBEINY

DENONE WP
£
.
i



ve

HWIND SPEED AISTOGRAM FOR THE MONTH OF DECEMBER

PERIOD 1962 THRU 1971

e ————— -

VMU= 244127 SIGMA= 10,135 VHIN= 0,900 vMAX= 66,000 NV= 2434

- EEEm e e, ————-——— ——— ——— cm——

PCT CIHM FREQeloosSsesldeesl5.00200r02F3 000300003500 otD0sot5:005040055000600006500070000750008000085,005000095.4100

1 fn-no 6.2 GBeZ 152 %5833 3s8s%88880s
2 1N=19 2749 3del OH7E 2505563030300 00000 0053000000303 3333330000000R L3R TRRIINISIINITRIIORNRINEY
3 20=20 35,4 6.7 BRZ ISV SSSSTIIISIITINITITISIPINIIIISIINISTISINIRNINISIBININIIIIIIITISIITIIITISIOTIITIIIIIISY
& 102G 23,9 G334 582 SIS IITINIIITSISITIITINISITIINIIIIIIIIIISISNINIIINTILS
5 40=a9 5.8 93,2 141 %sssvsvvsvessys
6 Sn-sg b 99,8 & o
7 50=£Q .2 100, 5
8 70-79 0.0 1C.C (]
SCALING FACTOR = 9




G2

WAVE HEIGHY HISTOGREM FOR THE MONTH OF DECEMBER

PERIOD 1962 THRU 1971

yHU= 2ei20  SIGMA= 24372 VHIN= 1.000 VMAX= 11.500 Nv= 1898
PCT CUM FREDsLasoDenoluaeelBana2lene2500eI0oneIBenalbtBanel500a5000055caeblueab0unel00cel50ee8005u850¢¢9042493544100
1 ".:-::”’-ZI.; 21.2 402 .'Ill..:.:l..'.'.l...'.'.'I.'ll'.'.'.I....I.l..lll.lllll...lll....‘..'.Il.."."
2 147-145 21e1 4243 &il
3 2e=2a7 2Fals ©5.7 LUy
3 Tel-2e% 12,3 T8.3 234
5 Le-~347 Ol BT.4 178 ®*55ssssssssssssssssssssossssssssny
6 Ey =248 Lo6 92.7 87 sssssssvsIINENREE
7 Ca =6 [ | 96.) Th *%s33yssssssvns
8 Te =TaS 14iv 97.% 27 sy
9 Ae =8Bs% 1.1 98.5 21y e
10 Be"=1%s 1.5 16d.1 2:8, 'vevye
SCALING FACTOR = 6§




92

MU= 22,558

SIGMA=

B LT L L T T

1 Ch=n"
2 1N=t0
3 T A=2n
l' 5‘)-:!(7
[ 4N=gO
6 Sfi=E
7 50=80
8 70=-70

D crmm——- ———— EYYs - —mm——— coBctcmscccecsnnn

PCT CU™ FREQ.1

WIND SPEED 4ISTOGRAM FOR THE MONTH OF JANUARY

PERIOD 1962 TH2U 1371

FobTih VHIN= 0.001 VHAX= 61.000 NV= 2367

SeesldveselGase20anald

0300003500 0400004500050 00055000b000eb500e7000e7500e8000085¢00900009504100

- - L L L o een

SCALING FACTOR = 9

7.2 7.2
31.7 38.3 (XYY Yy Yy Yy Y Y Yy Yy Yy Yy Yy Y Yy Iy YT Yy
37,2 7T6.1 LR Y Y Yy Yy Yy Y Y Yy Y P Y Y P Y Y YV YYYY
19,9 96.n
3.5 99.5
o 93,9
o1 102.3
0.0 103,12



WAVE 4ZIGHMT MISTOGRAM FOP THE MONTHR OF JANUARY

PEIRIOC 1962 THRU 1971

VMU= 1.951 SIGMA= 1.588 VMIN= 0.007 VHMAX= 9.500 NY= 1795

PCT CIM FREQ-1ese50001000085400200002500s3000e3500c000e45400500005500060000650007000075:00800008504430004+95,,100

LAl R L AL R R S RIS RS RS R ST R Y )

O, w15, oh 100,10

SCALING FACTOR = 6

L2



WIND SPEED AISTOGRAM FOR THE MONTH OF FEBRUARY

PERIOD 1962 THRU 1971

¥eu= 21.663 SIGMA= 1C.53% VHIN= 3.003 VMAX= 62.008 NV= 2257

e oo - —ee= —- -

2

3

) it

5 40=-a9 4.1 99,2 g3 sssssassees
[}

7

53=50 «8 100.0 e BTG £
57-69 o0 102.0 1
a 7a=r2 Ged 100.2 0

SCALING FACTOR = 8

82



WAVE HEIGHT HISTOGRAM FOR THE MONTH OF FEBRUARY

PERIQD 1962 THPU 1971

yMu= 2,271 SIGMA= 1.815 VHIN= J+300 VHAX= 12.000 Nv= 1813

PCT CJM FREO.1. evel’ecel5een20ane2Tese3000a3500sb000et5e0e5000055000b0000b500070cas?504eB8600e850009000¢¢954,.103

Fa"=Ta% 1947 19.7
la™=1s7 2242 &1.9 BSSHIUSBUSSINEIISINSSIIIUI B
Pel+2e" 2Bl 6743 471 PSSR IIISISIIEIEIS LA AR Rl R 2T A R R R R A AR R R R R A R R R R R R R R R R SRR R RS 2 )

—Te% 15,3 83.2 277 TSI IIIIIISISISEISILIINNY IS IILILIISIILIIISN

1

2

3

o ‘e

5 La —GaT G,0 92.2 164 TPIIISSLIIIIIIIIIIIIINIIIILINRIGS
6 R.'—S.C ')'e gs'ﬂ 5: [ ZZ XL R X3
7

a

9

16

CaimGeC 2.8 97.7 GO *seIssIses
Te-=7e3= «9 98,7 17 vy
By =B, o4 99,1 7. '
GeT=1% 9 1CCau b 17 i
SCALING FACTOR = 5

62



yMy= 20.727

SIGMA=

WIND SPECD 4ISTOGRAM FOR THE MONTH OF MARCH

PERIOD 1362 THRU 1971

Q. 7L4 VMIN= 3.900 VMAX= 6U.000 NV= 2481

aCcT CJIM FREQeleerSannlineel5000200002500030000350ueb0u0ut50005000055000600006504e7000a750008000085.4a90.42954.100

b § CH=nNC 11.7 11.] 291 TOOSIISIIIIESRIBNRNININNIRNEY
g 1n=t0Q 37.6 k;.‘. 93“ (R A2 2 R 2 2422 2 2222 R 22 22 R I3 2 222 22222 R 2 322 223 R 2 3 R 2 R R R R S e R S R Y S A R T RS YIS Y Y S SN Y Y S
3 20=2° 30,5 T73.2 756 * BEFS SIS IIIUIS I SIIEIIIE SIS IIIE SIS I
[ A =30 17.0 95. 8 “21 L BRSPS SCHB R SR RS FFFIFRIRIFREERERRE
s aN=a% 2.9 93.8 73 sssssss
6 9= a2 100,12 5
7 50-6° -0 103,.0 1
3 707 J.2 100,0 0
SCALING FACTOR =13

ot



WAVE HEIGHY HISTOGRAM FOR THE MONTH OF MARCH

PERIOD 1962 THRU 19714

= 2,082 SIGMA= 1.73% VMIN= J 2305 VMAX= 16,500 NV= 1913
PCT CUM FREG.1 100ee15¢002000s250003000e38ccobBacabtFeeeTleca5%cecblocebFacs?00ee75c0e80002850043000095.4100
1 Fe™=Ta® 19,56 19,5 373 Ly T Y Y Yy Y Y Py Y Y YTy YR Y YTV YN
P 1e"=1e9 30l &Fe3 582 L T Y Y Y Y Yy Y Yy Y Yy Y Yy Y Y Y Y T Y PP Y ey
3 2eC=247 23¢9 T3¢8 W57 S900000 300000000008 000 00000 nsusrsssnssnvssorisssssssssssssssssssssssssisse
& FeC-347 11.8 85,2 218
5 Be.=ks= To3 92.5 139
] TaT=FaT 2.9 35,4 56
7 6o =627 245 9749 &7
) Ta ~Te7 145 993 28
9 A, =BeC o1 99.4 1
18 Qa1 «6 108.0 12 *»
SCALING FACTOR = 6

1t




